A characterization of the honey bees from western Sicily (Palermo, Italy) is presented. Morphological comparisons to A. m. ligustica were made using data taken from honey bee populations from southeastern (Bari) and central (Emilia Romagna) Italy. The honey bees of the Palermo area have distinct morphological differences compared to the mainland honey bees. The mtDNA haplotype common in subspecies within the African lineage of A. mellifera predominated in the Sicilian honey bee samples (13 out of 16). These results suggest both the potential and the desirability to expend efforts to conserve A. m. sicula. &copy; Inra/DIB/AGIB/Elsevier, Paris
INTRODUCTION
The honey bees of Italy are well known. Apis mellifera ligustica Spinola has been imported to much of the apicultural world because of its handling and honey production characteristics. The ecotype 'standard' for A. m. Ligustica is from northern Italy in the 'Liguria' area near Genoa [1] . However, A. m. ligustica may range in various ecotypes throughout the Italian peninsula [14] .
The characterization of the ecotype found in the province of Bari (southern Italy) is particularly important since this population may have developed resistance to Varroa jacobsoni in suburban and urban regions isolated from organized beekeeping [10] .
The honey bees of Sicily are equally interesting for different reasons. Although the island of Sicily is close to the mainland, the local honey bee has been recognized since 1911 as a distinct subspecies, A. m. sicula Montagano [11] . Aside from morphological distinctiveness, A. m. sicula is notable for its behavioral characteristics [14] . Swarm cell production is very high, colonies do not swarm until after virgins have hatched, and colonies do not fly during the hot part of the day when the predator Vespa orientalis is most active [14] . The status of A. m. sicula has been threatened by importations of A. m. ligustica from mainland Italy that began in the last century and have expanded within the past 20 years, especially in eastern Sicily [3] [4] [5] . Ruttner [ 14] reported the morphology of A. m. sicula collected from Sicily prior to the modern commercial trend to import A. m. ligustica. Hence, baseline data exist to compare the effects of importations and to guide conservation efforts. This report presents a characterization of the honey bees from western Sicily (Palermo, Italy). Mitochondrial DNA restriction fragment length polymorphism characteristics and a standard set of morphometric measurements are used for these characterizations.
MATERIALS AND METHODS
Sixteen colony samples from the apiary of the University of Palermo were collected and stored in ethanol or liquid nitrogen pending analysis. These colonies originated from swarms collected from various Sicilian locations believed to be relatively free of introduced A. m. ligustica.
Ten workers from each colony were dissected and 36 morphological measurements were made. These measurements and their alphabetical designations given in table I follow the methods and designations of Rinderer et al. [13] . Figures 1 and 2 of Rinderer et al. [13] illustrate the wing venation angles and the locations of various structures for which pigmentation was evaluated. The methods follow those of Rinderer et al. [13] and are a modified combination of those of Ruttner et al. [15] , Ruttner [14] and Daly and Balling [6] . Numerical designations for wing angles in table I follow the synthesis of Rinderer et al. [13] . For the most part, numbers represent lengths or widths of various structures and are reported in millimeters. Interior angles of vein intersections in wing venation patterns arc reported in degrees. Pigmentation characteristics of the second, third and fourth tergites are scored according to the procedures of Ruttner ct al. [ 13] and Ruttner [14] . Scores represent the proportion of comparatively light areas to the total area of the tergite. Scores for the color intensity of the scutellum (Sc) range from 0 to 9, with 0 being completely black. A scale ranging from 0 to 5 was employed for the metatergum (B) and mesotergum (K); completely black being equal to 0, and completely yellow being equal to 5. Forty-seven morphological comparisons to A. m. ligustica were made using data taken from honey bee populations from southeastern (Bari) Italy (table I) . Forty-one measurements provided interval data, and six provided ordinal data. The mean of ten bees was calculated for each colony and these means were used to calculate descriptive and inferential statistics. Student's t-tests were used to test the null hypothesis that the means from the two sources were equal. Since that by chance alone one would expect at least two significant test results (P &le; 0.05), to maintain an overall experiment-wise significance level of 0.05, a Bonferroni-type adjustment was made whereby individual tests must have a significance level of &le; 0.001.
In addition, 11 statistical comparisons (table IV) of morphological data were made between our collection of honey bees from Sicily and the collection of A. m. sicula reported by Ruttner [14] . These comparisons (table V) were also made between our collection of honey bees from Bari and the collection of A. m. ligustica reported by Ruttner [14] . An F-test for variance equality was performed prior to making between group comparisons for the equality of means. When the variance test gave a significant result (P &le; 0.05), an adjusted t-test was performed based on an adjustment made to the number of degrees of freedom associated with the t statistic [12] .
A linear discriminant analysis was carried out using the individual bees and the 41 interval scale measurements. Although individual bees are more likely to be misclassified than the mean of ten bees from a colony, individual bees were used to increase the number of observations. The six ordinal scale measurements were not used since they did not meet the assumption of normality.
Total nucleic acids were extracted from one individual worker from each colony following the method of Sheppard and McPheron [17] . Extracted DNA was digested with the restriction enzyme EcoR I according to the manufacturer's instructions. Digestion products were processed by electrophoresis on 1 % agarose gels and the mtDNA fragments were visualized using ethidium bromide following the procedures of Sheppard et al. [18] and Shiff and Sheppard [16] . Gels were photographed for documentation. Classification of mitochondrial DNA haplotypes was either 'African' 'mellifera' or 'carnica/ligustica' according to the procedures of several authors [9, 16, 18, 19 ].
RESULTS

Morphology
The honey bees of the Palermo area have distinct morphological differences compared to honey bees of mainland Italy (table I) . Linear wing measurements are all significantly smaller for the honey bees of Sicily. Some wing venation angles are strongly different, and the cubital vein A length is somewhat larger (P = 0.009) in the Sicilian honey bees. In contrast, the linear measurements of leg parts are not significantly different between the groups. Indeed, each of the four leg part measurements are slightly larger for the Sicilian honey bees. The length of the postmentum of the proboscis is distinctly shorter in the Sicilian honey bees. However, the other five mouth part measurements are quite similar between the two honey bee stocks. The six tergite and sternite measurements indicate that the general body size of the two groups of bees is quite similar. The areas of pigmentation on tergites are generally greater or much greater for the Sicilian honey bees, corresponding to the general impression that they are darker bees.
However, scutellum colorations are similar. Overall, the two groups of bees are clearly distinct. The linear discriminant analysis correctly classified 253 of the 260 individual bees, thus providing a probability of correctly being classified of 0.97 (table II) .
Morphologically, the honey bees of Bari are similar to Ruttner's [14] descriptions of A. m. ligustica (table V) and the honey bees of Palermo are similar to Ruttner's [14] description of A. m. sicula (table IV) . However, statistical comparisons within the two groups provide a few significant differences. Angle G 18 is smaller and the color of tergite three is lighter for our collections in comparison to Ruttner's measurements. Also, the hind leg length is shorter for the honey bees of Bari in comparison to Ruttner's A. m. ligustica.
Mitochondria
The mtDNA haplotype common in subspecies within the African lineage of A. mellifera [7] predominated in the Sicilian honey bee samples (13 out of 16 ). Three of the 16 had an EcoR I pattern generally associated with A. m. mellifera [14] , but also known from A. m. ligustica from the Bari region of southeastern Italy 
DISCUSSION
The population of honey bees we studied in Sicily retains a majority of the char-acteristics of A. m. sicula. However, the presence of a mitochondrial haplotype common in mainland Europe may reflect genetic pressure from introduced A. m. ligustica. If so, the introduced bees may have been similar to those of Bari or other regions having the 'mellifera' haplotype. Alternatively, the persistence of this particular mitochondrial pattern in southeastern Italy (Arias et al. unpublished data) and its presence in A. m. sicula raises the possibility that it was established in one or both of the subspecies before human-mediated honey bee movements. Assessment of the phylogeographic distribution of this particular mitochondrial haplotype in Italy may resolve this question.
The color shift to lighter bees in the Sicilian collection may be an artifact of differences in methodology between our study and Ruttner's [14] study since a similar shift was seen in the comparison of our Bari collection of A. m. ligustica and Ruttner's collection of A. m. ligustica. However, the difference for the Sicilian honey bees is 2.3 fold, much more than the 1.2 fold difference seen in the comparison of A. m. ligustica ecotypes. This stronger difference seen between the two collections of honey bees from Sicily might in part arise from the intrusion of genes from importations of non-A. m. sicula stock.
These results suggest both the potential and the desirability to expend efforts to conserve A. m. sicula. This subspecies has unique adaptations to the Sicilian environment, and may be critical as a pollinator of some of the region's flora. In addition, the unique evolutionary history of A. m. sicula is cause to consider the subspecies as a valuable genetic resource that could be utilized in future honey bee breeding efforts.
Previous research based on mtDNA restriction fragments [8] and mtDNA ND2 gene sequences [2] has suggested a phylogenetic association between A. m. sicula and honey bees of Africa and southern Spain. The predominance of the 'African' mtDNA RFLP pattern in our samples of A. m. sic-ula supports this hypothesis and also indicates that the honey bees of western Sicily remain relatively free from A. m. ligustica matrilines. Allozyme analysis of Sicilian honey bees also found that western populations were relatively free from genetic influence by A. m. ligustica [3] .
There is continuing importation of honey bees from the mainland and we have detected some evidence that these importa- sicula on one or more of these islands, even with selected colonies from the population we studied. Refugia populations would serve as source for genetic material for outcrossing to selected stock. The use of multiple refugia would help reduce inbreeding problems in the breeding programs.
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Résumé -Caractérisation morphologique et mitochondriale d'Apis mellifera de
Palerme, Italie. Bien que la Sicile soit une île proche du continent, l'abeille locale a été reconnue dès 1911 comme une sousespèce distincte, Apis mellifera sicula Montagano [11] . Outre ses caractères morphologiques distinctifs, A. m. sicula est remarquable par son comportement [14] . Ruttner [14] [14] . D'un point de vue morphologique, les abeilles de Bari et d'Italie centrale sont semblables aux descriptions d'A. m. ligustica faites par Ruttner [14] (tableau III) et les abeilles de Palerme à celles d'A. m. sicula faites par le même auteur [14] (tableau IV). Dans chaque colonie on a prélevé une ouvrière dont on a extrait les acides nucléiques totaux selon la méthode de Sheppard et McPheron [17] . L'ADN extrait a été digéré avec l'enzyme de restriction EcoR I et classé selon les méthodes de Sheppard et al. [18] et de Shiff et Sheppard [16] . L'haplotype d'ADNmt commun dans les sous-espèces de la lignée africaine d'A. mellifera [8] [14] . Ruttner [14] [18] und Shiff und Sheppard [ 16] klassifiziert. Der mtDNA Haplotyp, der allgemein in den Unterarten der afrikanischen Subspezies von A. mellifera vorkommt, dominierte in den sizilianischen Bienenproben. In der Population der Honigbienen, die wir in Sizilien untersuchten, waren 
